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The st~uctur~s of the tran~itional nucl~i l87 Re , 189Re and 19l~e

Ilave been studied using the,(t,~) p~oton pickup rcactl0n. Beams of 15

}feV unpolarized tn. tons and 17 HeV polarized tri t-ons wer.e produced by

the'tanc:?m Van de G~aaff accelerator faciiity of the Los Alamos SCTImE-:t:-\_

fie LabQratory~ The,r~~ction products ~'ere analyzea in a'Q3D magnetic

spectrom~ter~and detected wi~h a helical-cathode P?sition~sensit~ve

proportional counter. The unpolarized (t,~): reaction ,on thin, targets ,

188 190 1:92 "of ',' Os produced'spectra with .energy·resolutions of,8-12 ktiV

(F\~HH), from '.';hich l~vel energies were accurately det0rmined. La-ter,
"

"

',oJhen ,the polarized-triton source became operational, the polal.-ized
I

"
(t,c~' reaction on thicker osmium targets yielded angular distri~utions

\\

df analyzlhg ~dwer3 and cross sect tons. Distorbed-wav~ calculations

.'

were done to determlne a set of optical model parameters 'which could'

d h' .' 1 1 f . k l' 1'" 187~ hrepro uce t e exper1.tnenta resu ts or nown eve s ln .' l~e.' T e
.'

predi~tions of mmA cal.,culations were then used to, assign, spins and '

. , 1: ' 187 l' 1 ,189 1 lQ-lparltlcs to other leve 'S, -In Re, and to cve S'ln 1\.e anc' Re. --.

, .

their angula.r '

clearly demonst~~-

values of £ and j.

nuclei, and, its usefulness for the p~rpose J~~ been
1\'

ted. The analyzi~g pO\oJers ~btained wer~, 1*9;:'''~'\ and
I

)

di~tr~bu~ions were quite distinctive for dik£cr,Jnt
'\",.-..-..,

~ , "
This is th~ first time the ,(t,a) reaction has b~en used to study deformed.. -

\

This is also the first, t~me level sch'emes .have been assi,gn~d in the
"

189' 191
nuclc~ Rc and Re. The results have b?cn interpreted within the

flamcwork of the tHlsson model, with corrections fQr puirin'] and

iii
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Coriolis CouIJling lncluded. The mod"cl hils be'~n foun::: to pr-ovlde a.

fairly good explanationfo'r mbst of the expenm~ntal r~suJ.ts., Some,--
~spects of'the data were, better eXPlai;'ed by ~ncludina,a hcxadcca;~le

COMponent in the nuclear d'cf~cmation', 'Tile I\c:':.:ldcc :lpole' dcform~t.ion· ,

par.'ameter winch ga-Je the best agreement ,with the experimental resul t3

wa" "4 = 0.0.6 ±. O.Jl, wbich agrees well with theort2tical predictions

for :111clci in ·this mass' region.
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CHAPTER r

INTRODUCTION

In general, t}1ere fir.e tw'o;'\,lays ,tn which scientific progress i'5

made (excluding fortuitous accidents). One is the origination of new

theor~es which can a~~o~nt for exist~ng data and predict new phen?mena,

The o~her 'is the development 6f new technologies which mafe possibl.e
, '

the acquisltion of previqusly inacce~sible lnrormation., The theoretical

background of the study reported in this thesis ~s no~ ne~; much '~f

i~ was~rst introduceci twc~ty years ago. Although ma~y experiments

of o.ifferent types have since~een done to 'test, the predict'ions of nhe'

theory, a 'large amount ,ot datq has remained, inaccessibl~. Very reye~tly,

technological inno~ation has prov~ded.a very powerful me~ns of'study-
&. •

ing proton, st:ates below, the Pe~mi surfac.e in heaVy deformed' ~uclei. '.the
, .

e~per1ments reported. here are the ,first to use this new t~chnolog~ in.
the rare-earth" region.

In the past two or three decqdes, many improvements have b~en

made to par.tic'le ac.cel,erfitot's. , Th7ir energy capabili tic's have steadily
• » • ..'

increased and the stability of their ,beams has greatlJ:' improved. At
..

the same~time, magnetic spc~trog~aphs have been improving, giving better

·and,better energy res.olutio,n •. These evolutiops'l;iavEf J;Ilade the sin~l..e-. '

•
p~rticl.e transfer reaction ,an 'incre~singly' u~e.ful method for studyIng

the stru~tu,re'of nuclei,_ Th~ (~,p) neu'tron stripping ;eaction was the
, .

first slng~e.particlc.transferreact~op us~d to populate neuti~n 3talQs 4. , . . ~

3 '
and 1t wa~ followed by the (p,d); (d,t), ( He,~) and'(t,dl. rc~ction~..­

"
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Proton states have been pOF~lat~d' by the ( Ec/d) and (a,t) strlfping.
reilct:.o'ns, ,and, more recent~y, by the (t,a) and (d/

3
He) pickup're.:lct-

ions. For most o~ these reactiqns, different angul~r distribution shares

result from differeMt value~ of the transferred orbital angular'momentum,

L It has ?een £0~n9: that these sliape~ cCl;n usually be \'lell reproducea

by a distoFted-wave Born approximation (DWBA) calculation. Thus, for

'reactions on even-e¥en targets, it is possiqle to determine £ for the"

final state by compct~ing the angula~ dist~lbutlon with either theoretical,

,predictions or empirical distributions. In some cases; it is also

possible to measure the ratio of the cross sections for two ,complementary

\reactio~s (e.g. (ci',.t)' and (3He ,d» I ancl,de}:ermine tne £ transfe~ by'

(> compa~~ng the experiment~l ratio to the theoretical value, For a given

"£>0', there are two 'pos~lble values for the total transferred angula'!;

momentum, j=ttl/2. The choice between the bvo may often be made by

combinlng the transfer reaction res~lts with those from other types of. ..-

experiments, o~ by appealirt~ to ~odel-dependent arguments.
, ,

, Much i'nterest hilS' been shown in the structures' of deformed..
nuclei in the rare-earth region. Nc>utron'states in this region have

...---

been extensively studied, as have proton particle states. Proton hole, , ,

"
states have be~n less well studied, and there are two main reasons'for

this. J?lthough beams of. 'tritons to initiate the (t,a~ re,acti'on hav~

"~een avail.able' at a few laboratories for some time,' this reaction is

not as informative as most of-the otlHds. For 'trltbn energies presently

availablc (up to '\. ~4 MeV), the (t,C!),' an'gular distributions are quite
I

structureless, 'making, the ,assignment of ,9-·-values difficult or impG'5siblc.
, "

J
The (d, He) reactlon has not been v('ry" useful in this mass r;>g~~~

.\

'.
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3
because deuteron beami of > 30 MeV are required for the He parti~les,

, ,

to have energ1es sign1f1cantly above the Coulomb barrier. Acceleratok3.
capable of producing deuteron beams of sufficient energy and'stab11ity

have not"been availab}e ~n conjunction with high-resolution particle

spectrometers." Thus, neither' (d;He) angular d1stributions'nor cross

section rat10s with the'(t,a) reaction can be pb~ained. For these
\ '

, reasons,' there is practically no particle transfer informa'tion available
r:; ,

on proton hole states'in deformed rare earth nuclei.

Single part~e ~tates in well-deformed odd-mass nuclei in the

.. , ~. .-
~eglon 150<A<190' have been found t~ qe well described by ,the' Nilsson'

'model '(Nilss<1:>n 1955) if painng effects and Coriolis mixing are included'

(see, e. g., 'the ravie,.,. articles by EJ..bek and Tj'¢m 1969',. an¢ Bunker and
I

Reich 1971),. For the.majority,o·f these nucle1, most of the obseTved

~ , .
features 'at low excitntions (E~2 l'1eV) are reasonably well eXJ?l~ined

by ,assuming a siinple quadrUpole deformation. Hbwever, near the upper
, .'

.' .
. and lower 1imits of the region, the nuclear,deformation.changes quite

rapidly with changing'mass; and the ,Nilssoti model is net as successful.

The limit of its 'applicab~hty is not yet well known, especially 111 the

vicinity of A~190. Several theoretical calculations (L~mm 1969; Nilsson

n 0"

~ a1.1969; qotz et ~.1972; Nielsen and Bunker' 19'75) have indicated

tl'fat a number of systematic energy trends thrQugl)out th~ deformed rare-

earth re<jion may best be explained by adchng a hexadecapole component
..-

to the n'ucl~ar deformation. The magnitUde of this component is largest.
near 1\1\,,150 and 1\'\;190: Another study (MQyer-ter-Vcyn 1975) has emphas1Zcd

the importance of axial 'c\ symm,ctry ,~n the I\'\.,l~'s and A~190' regions ..

The e~periment(H evidence seems to support the .hexag.e9.apole dcformat~on

..
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quadruFole jeformat~on,'is prolute' in H ann Os, but oblate in Pt (Baker

et al 1976, anti references therein):

eecQuse of their posi~10n in a region of sh~pe transit10n,

the'r.uc18ar structure of the heavy odd-A rhenium isotopes is of ~onsid~r-

able, in~erest, A wide v~u,icty of experlI~ents has been done to .3tudy

the structUre of the stable is6to~e ~87~e, including proton striFping

reactions on 186w, Coulomb excitation,.inelastic sc~ttexing, resonance. '

.fluorescence, and Y-decay studies £ol,lowing the 6~decay ~f 187\'1 '(Ellis

1~74, and referances therein), These have, resulted 1n, a good under-

/ 187 ~
st:mding o'f lnany of the 'lO\v-lying exc.i,tat1~ns in Re. Very little is

kno~vn about 189Re , which ~s u~stable wit.h a half-life of 24 hours: An,

early y-decav,study using sC1nt~11ation countefs to examin~ the d~cay of
.... . . \,

, .
189'

\'1 has been reported (Ku?-ranen and 1hochi 1965), Some coincidence

informatlon was obtaine9', but !1Q level scheme was proposed, A ground

, '

.' 189
patible with the measured log ft values f?r the decay to Os (Le;.-ris

state spin and' ~arity'of 5/2+ is sugges~ed by systematics, and is com~
I"

1974) .
, 191

No information at all was ~vailable for R~, which has a Half-

life of aoout 10 minutes, The main reason for the scarc1ty or' infDrma-
~ >"'.

tion On tht=se nuclei is that ~j:.bJ:J10 t.J.rgets do not ,CX1.st for them' to be.
,/

populated, in the most commonly used reae,tion anci Jecay pr'ocesses,. tn

fact, the .on~y stable nC1.ghb~ur~ of 189Re and 191Re a:r'c the osmium

, 190' d,·192 . , 1 1l.sotopes as an as. A proton p1cku~ r~act1.on ~s c ear y neccSS.J.ry.

.
An historico.l review of the experiments which have contributed

,',

" '

','

to the study reported here will help to_ 'cl~latcr disctlss.lon,

Several oJd-proton nuclei in the A~100' reg1.Qn have be~n found to have
. "

,\

"0,

~
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